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(57) ABSTRACT

An active vibration noise control device is preferably used for
canceling a vibration noise by making a speaker generate a
control sound. Concretely, the active vibration noise control
device includes an attenuating unit which attenuates a control
signal generated by an adaptive notch filter, and provides the
attenuated control signal to the speaker, when amplitude of a
filter coefficient is larger than a threshold. Therefore, it is
possible to suppress continuous ups and downs of the filter
coefficient during an occurrence of an abnormality. Hence, it
becomes possible to appropriately suppress an occurrence of
acyclic abnormal sound and an increase in the vibration noise
during the occurrence of the abnormality.

18 Claims, 8 Drawing Sheets
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ACTIVE VIBRATION NOISE CONTROL
DEVICE

TECHNICAL FIELD

The present invention relates to a technical field for
actively controlling a vibration noise by using an adaptive
notch filter.

BACKGROUND TECHNIQUE

Conventionally, there is proposed an active vibration noise
control device for controlling an engine sound heard in a
vehicle interior by a controlled sound output from a speaker
s0 as to decrease the engine sound at a position of passenger’s
ear. Concretely, noticing that a vibration noise in a vehicle
interior is generated in synchronization with a revolution of
an output axis of an engine, there is proposed a technique for
canceling the noise in the vehicle interior on the basis of the
revolution of the output axis of the engine by using an adap-
tive notch filter so that the vehicle interior becomes silent.

This kind of technique is proposed in Patent Reference 1,
for example. In Patent Reference 1, there is proposed an
active vibration noise control device for fading a control
sound out when a filter coefficient is larger than an upper limit
(first threshold) predetermined number of times, and for start-
ing an adaptive controlling process again when the filter coef-
ficient is smaller than a lower limit (second threshold). The
technique aims to prevent an occurrence of an abnormal
sound which occurs when a sound detector (for example
microphone) is covered.

Additionally, there is disclosed a technique related to the
present invention in Patent Reference-2.

PRIOR ART REFERENCE
Patent Reference

Patent Reference-1: Japanese Patent No. 4262703
Patent Reference-2: Japanese Patent Application Laid-open
under No. 2007-272008

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

However, by the technique described in Patent Reference-
1, when a error (specifically, a phase error) of a transfer
function constantly occurs due to a secular change of the
speaker, there is a possibility that continuous ups and downs
of the filter coefficient between the first threshold and the
second threshold occur, and that a cyclic abnormal sound is
generated. Therefore, there is a possibility that an error signal
detected by the microphone increases (in other words, the
vibration noise increases). In Patent Reference-2, the above-
mentioned problem and a method for solving the said prob-
lem are not described.

The present invention has been achieved in order to solve
the above problem. It is an object of the present invention to
provide an active vibration noise control device which can
appropriately suppress an occurrence of a cyclic abnormal
sound and an increase in a vibration noise during an abnormal
behavior.

Means for Solving the Problem

In the invention according to claim 1, an active vibration
noise control device for canceling a vibration noise by mak-
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2

ing a speaker output a control sound, includes: a basic signal
generating unit which generates a basic signal based on a
vibration noise frequency generated by a vibration noise
source; an adaptive notch filter which generates a control
signal provided to the speaker by applying a filter coefficient
to the basic signal, in order to make the speaker generate the
control sound so that the vibration noise generated by the
vibration noise source is canceled; a microphone which
detects a cancellation error between the vibration noise and
the control sound, and outputs an error signal; a reference
signal generating unit which generates a reference signal
from the basic signal based on a transfer function from the
speaker to the microphone; a filter coefficient updating unit
which updates the filter coefficient used by the adaptive notch
filter based on the error signal and the reference signal so as to
minimize the error signal; an amplitude calculating unit
which calculates an amplitude of the filter coefficient updated
by the filter coefficient updating unit; and an attenuating unit
which attenuates the control signal generated by the adaptive
notch filter, and provides the attenuated control signal to the
speaker, when the amplitude calculated by the amplitude
calculating unit is larger than a threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a diagram for explaining a problem of a
comparative example.

FIG. 2 shows a diagram for explaining a basic concept of a
process performed by an active vibration noise control device
in an embodiment.

FIG. 3 is a block diagram showing a configuration of an
active vibration noise control device in an embodiment.

FIG. 4 is a flow chart showing an ATT setting process.

FIGS. 5A and 5B show result examples of an embodiment
and a comparative example.

FIGS. 6A and 6B show examples of error microphone
signals by an embodiment and a comparative example.

FIGS. 7A to 7C show comparative result examples in case
of variously changing a threshold used for determining a
w-amplitude.

FIGS. 8A to 8C show comparative result examples in case
of variously changing an AT Tmin.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

According to one aspect of the present invention, there is
provided for canceling a vibration noise by making a speaker
output a control sound, including: a basic signal generating
unit which generates a basic signal based on a vibration noise
frequency generated by a vibration noise source; an adaptive
notch filter which generates a control signal provided to the
speaker by applying a filter coefficient to the basic signal, in
order to make the speaker generate the control sound so that
the vibration noise generated by the vibration noise source is
canceled; a microphone which detects a cancellation error
between the vibration noise and the control sound, and out-
puts an error signal; a reference signal generating unit which
generates a reference signal from the basic signal based on a
transfer function from the speaker to the microphone; a filter
coefficient updating unit which updates the filter coefficient
used by the adaptive notch filter based on the error signal and
the reference signal so as to minimize the error signal; an
amplitude calculating unit which calculates an amplitude of
the filter coefficient updated by the filter coefficient updating
unit; and an attenuating unit which attenuates the control
signal generated by the adaptive notch filter, and provides the
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attenuated control signal to the speaker, when the amplitude
calculated by the amplitude calculating unit is larger than a
threshold.

The above active vibration noise control device is prefer-
ably used for canceling the vibration noise (for example,
vibration noise from engine) by making the speaker generate
the control sound. The basic signal generating unit generates
the basic signal based on the vibration noise frequency gen-
erated by the vibration noise source. The adaptive notch filter
generates the control signal provided to the speaker by apply-
ing the filter coefficient to the basic signal. The microphone
detects the cancellation error between the vibration noise and
the control sound, and outputs the error signal. The reference
signal generating unit generates the reference signal from the
basic signal based on the transfer function from the speaker to
the microphone. The filter coefficient updating unit updates
the filter coefficient used by the adaptive notch filter so as to
minimize the error signal. The amplitude calculating unit
calculates the amplitude of the filter coefficient updated by
the filter coefficient updating unit. For example, the ampli-
tude calculating unit calculates the amplitude based on a sum
of squares of a real part and an imaginary part of the filter
coefficient.

When the amplitude calculated by the amplitude calculat-
ing unit is larger than the threshold, the attenuating unit
attenuates the control signal generated by the adaptive notch
filter, and provides the attenuated control signal to the
speaker. Concretely, when a transfer function error occurs
(namely, when an abnormality occurs), the attenuating unit
attenuates the control signal generated by the adaptive notch
filter. In other words, the attenuating unit makes a volume of
the control sound smaller. Therefore, since a change of the
filter coefficient becomes smaller (namely, an update rate
becomes slower), the filter coefficient is maintained at a rela-
tively large value. So, it is possible to suppress continuous ups
and downs of the filter coefficient during the occurrence of the
abnormality. Hence, by the above active vibration noise con-
trol device, it becomes possible to appropriately suppress the
occurrence of the cyclic abnormal sound and the increase in
the vibration noise during the occurrence of the abnormality.

In another manner of the above active vibration noise con-
trol device, the attenuating unit sets a limit of an attenuating
degree of the control signal, and attenuates the control signal
in a range corresponding to the limit.

In the above manner, the attenuating unit sets the limit of
the attenuating degree of the control signal in order to sup-
press such an attenuation that the control signal becomes
smaller than the limit. Namely, the attenuating unit restricts
the control signal so that the volume of the control sound does
not become smaller than a predetermined amount. Therefore,
it is possible to ensure a clue (i.e., control sound) to distin-
guishing the normal from the abnormality, and it becomes
possible to appropriately determine the normal and the abnor-
mality.

In a preferred example of the above active vibration noise
control device, the attenuating unit includes a attenuation
ratio setting unit which sets an attenuation ratio indicating a
ratio of the attenuated control signal to the control signal
generated by the adaptive notch filter, and the attenuating unit
attenuates the control signal based on the attenuation ratio set
by the attenuation ratio setting unit, and the attenuation ratio
setting unit decreases the attenuation ratio when the ampli-
tude is larger than the threshold, and the attenuation ratio
setting unit uses a lower limit of the attenuation ratio corre-
sponding to the limit of the attenuating degree of the control
signal, and sets the attenuation ratio to the lower limit when
the attenuation ratio becomes smaller than the lower limit.
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Therefore, it is possible to appropriately prevent the volume
of the control sound from decreasing too much.

Additionally, in a preferred example of the above active
vibration noise control device, the attenuation ratio setting
unit increases the attenuation ratio when the amplitude
becomes equal to or smaller than the threshold, and sets the
attenuation ratio to “1” when the attenuation ratio becomes
larger than “1”. Therefore, when the state is switched from the
abnormality to the normal, it becomes possible to appropri-
ately perform a recovery operation.

In another manner of the above active vibration noise con-
trol device, the threshold is set based on a maximum value of
the amplitude which is obtained in such a situation that an
error between the transfer function used by the reference
signal generating unit and an actual transfer function from the
speaker to the microphone does not occur. Therefore, it is
possible to appropriately determine the normal and the abnor-
mality based on a relationship between the amplitude of the
filter coefficient and the threshold. For example, it is possible
to appropriately prevent such a wrong determination that the
abnormality occurs during the normal.

Preferably, the threshold is at least larger than the maxi-
mum value, and a difference between the threshold and the
maximum value is equal to or smaller than a predetermined
value. By determining the amplitude of the filter coefficient
by using the above threshold, it is possible to appropriately
determine the normal and the abnormality, and to appropri-
ately suppress the increase in the error signal at the time ofthe
recovery.

In another manner, the above active vibration noise control
device further includes a unit which changes the threshold in
accordance with the vibration noise frequency. According the
manner, in consideration of such a tendency that a maximum
value of the amplitude of the filter coefficient during the
normal changes in accordance with a frequency band of the
vibration noise, it is possible to appropriately change the
threshold for determining the amplitude of the filter coeffi-
cient.

Embodiment

A preferred embodiment of the present invention will be
explained hereinafter with reference to the drawings.

Basic Concept

First, a description will be given of a basic concept of an
embodiment.

Generally, the active vibration noise control device uses the
transfer function from the speaker to the microphone when
the reference signal is calculated. The transfer function is
preliminarily set, and the transfer function is not basically
changed. However, there is a tendency that an actual transfer
function of the sound field from the speaker to the micro-
phone constantly changes. For example, the actual transfer
function tends to change in accordance with a secular change
of the speaker, passengers and a cargo. Additionally, the
actual transfer function tends to change when the microphone
is covered with a hand. When the actual transfer function
changes, an error (specifically, a phase error) between the
preliminarily set transfer function and the actual transfer
function occurs. Then, when the error between the transfer
functions occurs, the filter coefficient tends to diverge.
Namely, the adaptive notch filter tends to diverge.

Hereinafter, the above error between the transfer functions
is referred to as “transfer function error”. Additionally, in the
specification, such a case that the transfer function error
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occurs is represented as “during an occurrence of an abnor-
mality”, or “during an abnormal behavior”, or “during an
abnormality”. Furthermore, in the specification, such a case
that the transfer function error does not occur is represented as
“during a normal behavior”, or “during a normal”.

Here, a description will be given of a problem of the above
technique (hereinafter referred to as “comparative example”™)
described in Patent Reference-1, with reference to FIG. 1.
When the first filter coefficient of the adaptive notch filter
becomes larger than the first threshold, the active vibration
noise control device in the comparative example sets the filter
coefficient to the first threshold. When the filter coefficient
sequentially becomes larger than the first threshold the pre-
determined number of times, the active vibration noise con-
trol device in the comparative example performs the forget-
ting process for generating the cancellation sound by using
the second filter coefficient obtained by sequentially multi-
plying the first filter coefficient before the update by the
predetermined value being smaller than 1. Additionally, dur-
ing the generation of the cancellation sound, when the second
filter coefficient becomes smaller than the second threshold
being smaller than the first threshold, the active vibration
noise control device in the comparative example starts the
adaptive controlling process again, and generates the cancel-
lation sound by using the first filter coefficient which is
sequentially updated so as to minimize the error sound. The
comparative example aims to prevent the occurrence of the
abnormal sound (the abnormal sound corresponds to an
example of the problem due to the above transfer function
error) which occurs when the microphone is covered, and to
immediately decrease the noise when the covering of the
microphone ends.

FIG. 1 shows an example of the change of the filter coet-
ficient in case of using the active vibration noise control
device in the comparative example. In FIG. 1, a horizontal
axis shows the time, and a vertical axis shows the filter coef-
ficient. According to the active vibration noise control device
in the comparative example, when the constant abnormality
occurs, there is a case that the continuous ups and downs of
the filter coefficient between the first threshold and the second
threshold occur. Therefore, there is a possibility that the
cyclic abnormal sound is generated, and that the error signal
detected by the microphone tends to increase (in other words,
the vibration noise tends to increase). Thereby, the embodi-
ment performs a process for suppressing the occurrence of the
above problem according to the comparative example.

Next, a description will be given of a basic concept of the
process performed by an active vibration noise control device
50 in the embodiment, with reference to FIG. 2. FIG. 2 only
shows main components of the active vibration noise control
device 50 in the embodiment.

As shown in FIG. 2, according to the active vibration noise
control device 50 in the embodiment, an attenuator 20 attenu-
ates a control signal y generated by an adaptive notch filter 14
during the occurrence of the abnormality, and supplies the
attenuated control signal y' to a speaker 10. Concretely, when
the filter coefficient becomes larger, the active vibration noise
control device 50 determines that the abnormality occurs
(namely, the transfer function error occurs), and the attenua-
tor 20 attenuates the control signal y generated by the adap-
tive notch filter 14 in order to significantly decrease the vol-
ume of the control sound from the speaker 10. For example,
the control sound which is small enough to neglect it com-
pared to the generated vibration noise is outputted from the
speaker 10. Then, when the above control sound is outputted
from the speaker 10, the adaptive notch filter 15 uses the filter
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coefficient which is normally updated based on the error
signal “e” outputted from the microphone 11.

By decreasing the control sound of the speaker 10 during
the occurrence of the abnormality, the change of the filter
coefficient becomes smaller (namely, the update rate
becomes slower), and the filter coefficient is maintained at a
relatively large value. Therefore, by the embodiment, during
the occurrence of the abnormality, it is possible to suppress
the continuous ups and downs of the filter coefficient like the
comparative example. Hence, by the embodiment, it becomes
possible to suppress the occurrence of the cyclic abnormal
sound and the increase in the vibration noise during the occur-
rence of the abnormality.

Additionally, the active vibration noise control device 50 in
the embodiment sets a limit of an attenuating degree of the
control signal y, and attenuates the control signal y in a range
corresponding to the limit. Namely, the active vibration noise
control device 50 prohibits such an attenuation that the con-
trol signal becomes smaller than the limit. In other words, the
active vibration noise control device 50 restricts the control
signal y so that the volume of the control sound does not
become smaller than a predetermined amount. This is
because, since the control sound from the speaker 10 provides
a clue to distinguishing the normal from the abnormality, it is
not possible to appropriately determine the normal and the
abnormality if the volume of the control sound decreases too
much. For example, there is a case that a recovery operation
cannot be appropriately performed when the state is switched
from the abnormality to the normal.

Device Configuration

Next, a description will be given of a concrete configura-
tion of the active vibration noise control device 50 in the
embodiment, with reference to FIG. 3.

At first, a description will be given of an outline of the
process performed by the active vibration noise control
device 50 in the embodiment. The active vibration noise
control device calculates an amplitude (hereinafter referred to
as “w-amplitude”) of the filter coefficient, and determines
that the abnormality occurs when the calculated w-amplitude
is larger than a predetermined threshold. Namely, the active
vibration noise control device 50 determines that the transfer
function error occurs. In this case, the active vibration noise
control device 50 performs the process for attenuating the
control signal y generated by the adaptive notch filter 15.
Here, the active vibration noise control device 50 uses a
square root of a sum of squares of a real part and an imaginary
part (“w,” and “w,” as described below) of the filter coeffi-
cient, as “w-amplitude”. Additionally, the threshold for deter-
mining the w-amplitude is set based on a maximum value of
the w-amplitude when the transfer function error does not
occur (namely, during the normal behavior). Specifically, the
threshold is at least larger than the maximum value of the
w-amplitude (hereinafter referred to as “w-amplitude maxi-
mum value”) during the normal behavior, and a difference
between the threshold and the w-amplitude maximum value
is equal to or smaller than a predetermined value.

Furthermore, the active vibration noise control device 50
sets a attenuation ratio indicating a ratio of the attenuated
control signal y' to the control signal y generated by the
adaptive notch filter 15, and attenuates the control signal y
based on the set attenuation ratio. The attenuation ratio is
smaller than “1”. Hereinafter, the attenuation ratio is repre-
sented as “ATT”. Concretely, when the w-amplitude is larger
than the threshold, the active vibration noise control device 50
performs the process for decreasing the ATT so as to deal with
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the abnormality. In details, the active vibration noise control
device 50 sets a lower limit of the ATT (hereinafter repre-
sented as “ATTmin”), and fixes the ATT to the AT Tmin when
the ATT becomes smaller than the AT Tmin as a result of the
decrease in the ATT. Namely, the active vibration noise con-
trol device 50 does not set the ATT to a value being smaller
than the AT Tmin. So, the ATT is set to a value in such a range
as “ATTmin<=ATT<=1".

Additionally, when the w-amplitude decreases from a
value being larger than the threshold to a value being equal to
or smaller than the threshold, the active vibration noise con-
trol device S0 determines that the state is switched from the
abnormality to the normal. Namely, the active vibration noise
control device 50 determines that the transfer function error is
removed. In this case, the active vibration noise control
device 50 increases the ATT so as to perform the recovery
operation. In details, when the ATT becomes larger than “1”
as aresult of the increase in the ATT, the active vibration noise
control device 50 fixes the ATT to “1”.

FIG. 3 is a block diagram showing the configuration of the
active vibration noise control device 50 in the embodiment.
The active vibration noise control device 50 includes a
speaker 10, a microphone 11, a frequency detecting unit 13, a
cosine wave generating unit 14q, a sine wave generating unit
1454, an adaptive notch filter 15, a reference signal generating
unit 16, a w-updating unit 17, a w-amplitude calculating unit
18, an ATT setting unit 19 and an attenuator 20.

The active vibration noise control device 50 is mounted on
avehicle. For example, the speaker 10 is installed on the right
front door in the vehicle, and the microphone 11 is installed
over the driver’s head. Basically, the active vibration noise
control device 50 uses the speaker 10 and the microphone 11,
and generates the control sound from the speaker 10 based on
a frequency in accordance with a revolution of an output axis
of'an engine, so as to actively control the vibration noise of the
engine as the vibration noise source. Concretely, the active
vibration noise control device 50 feeds back the error signal
(hereinafter referred to as “error microphone signal”), and
minimizes the error by using the adaptive notch filter 15, so as
to actively control the vibration noise.

A concrete description will be given of the components of
the active vibration noise control device 50. The frequency
detecting unit 13 is supplied with the engine pulse and detects
a frequency w, of the engine pulse. Then, the frequency
detecting unit 13 supplies the cosine wave generating unit 14a
and the sine wave generating unit 145 with a signal corre-
sponding to the frequency .

The cosine wave generating unit 14a and the sine wave
generating unit 145 generate a basic cosine wave X,(n) and a
basic sine wave X,(n) which include the frequency w,
detected by the frequency detecting unit 13. Concretely, as
shown by expressions (1) and (2), the cosine wave generating
unit 14a and the sine wave generating unit 145 generate the
basic cosine wave X,(1n) and the basic sine wave x,(n). In the
expressions (1) and (2), “n” is natural number and corre-
sponds to time (The same will apply hereinafter). Addition-
ally, “A” indicates amplitude, and “¢” indicates an initial
phase.

Xo(1)=A cos(wgn+¢) (D
@

Then, the cosine wave generating unit 14a and the sine
wave generating unit 145 supply the adaptive notch filters 15
and the reference signal generating units 16 with basic signals
corresponding to the basic cosine wave x,(n) and the basic
sine wave X, (n). Thus, the cosine wave generating unit 14a

x1(n)=4 sin(wg+¢)
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and the sine wave generating unit 145 correspond to an
example of “basic signal generating unit”.

The adaptive notch filter 15 performs the filter process of
the basic cosine wave X,(n) and the basic sine wave x, (n), so
as to generate the control signal y(n) supplied to the speaker
10. In this case, the adaptive notch filter supplies the control
signal y(n) to the attenuator 20. Concretely, the adaptive
notch filter 15 generates the control signal y(n) based on the
filter coefficients w,(n) and w, (n) inputted from the w-updat-
ing unit 17. Specifically, as shown by an expression (3), the
adaptive notch filter 15 adds a value obtained by multiplying
the basic cosine wave x,(1n) by the filter coefficient w,(n), to
a value by multiplying the basic sine wave x,(n) by the filter
coefficient w,(n), so as to calculate the control signal y(n).
The filter coefficient w,, corresponds to the real part, and the
filter coefficient w, corresponds to the imaginary part. Here-
inafter, when the filter coefficients w, and w, are used with no
distinction, the filter coefficients w, and w, are represented as
“filter coefficient w”.

Yy=wo(r)xo(m)+w ()% () ®
The w-amplitude calculating unit 18 calculates the w-am-
plitude based on the filter coefficients w,(n) and w, (n) sup-
plied by the w-updating unit 17, and supplies the ATT setting
unit 19 with a signal corresponding to the w-amplitude. Con-
cretely, as shown by an expression (4), the w-amplitude cal-
culating unit 18 calculates the square root of the sum of
squares of the filter coefficients w,(n) and w, (n), as the w-am-
plitude. Thus, the w-amplitude calculating unit 18 corre-
sponds to an example of “amplitude calculating unit”.

w-amplitude=V{ (wo(r))*+(w (1))} Q)

The ATT setting unit 19 sets the ATT (attenuation ratio) for
attenuating the control signal y(n) generated by the adaptive
notch filter 15, based on the w-amplitude calculated by the
w-amplitude calculating unit 18, and supplies the attenuator
20 with a signal corresponding to the ATT. Concretely, the
ATT setting unit 19 sets the ATT based on a magnitude rela-
tion between the w-amplitude and the threshold. In this case,
the threshold is preliminarily determined by an experiment
and/or a simulation, and is stored in a storage unit (which is
not shown). The ATT setting unit 19 reads out the threshold
stored in the storage unit, and performs the process.

In details, when the w-amplitude is larger than the thresh-
old, the ATT setting unit 19 decreases the ATT. In this case,
the ATT setting unit 19 determines a value which is obtained
by multiplying the ATT set last time by a predetermined value
being smaller than “1”, as the ATT which should be used this
time. Then, when the ATT becomes smaller than the ATTmin
as a result of the decrease in the AT'T, the ATT setting unit 19
sets the ATT to the AT Tmin. Namely, the ATT setting unit 19
does not set the ATT to a value being smaller than the ATT-
min.

Meanwhile, when the w-amplitude is equal to or smaller
than the threshold, the ATT setting unit 19 increases the ATT.
In this case, the ATT setting unit 19 determines a value which
is obtained by multiplying the ATT set last time by a prede-
termined value being larger than “1”, as the ATT which
should be used this time. Then, when the ATT becomes larger
than “1” as a result of the increase in the ATT, the ATT setting
unit 19 sets the ATT to “1”. Thus, the ATT setting unit 19
corresponds to an example of “attenuation ratio setting unit”.

The attenuator 20 attenuates the control signal y(n) gener-
ated by the adaptive notch filter 15 based on the ATT set by the
ATT setting unit 19, and supplied the speaker 10 with the
attenuated control signal y'(n). Concretely, as shown by an
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expression (5), the attenuator 20 supplies a value which is
obtained by multiplying the control signal (n) by the ATT, as
the control signal y'(n).

Y @)=y(m)xATT ®

As shown by the expression (5), when the ATT is smaller
than “1”, the control signal y(n) is attenuated. In this case, the
control signal y' (n) which is obtained by attenuating the
control signal y(n) generated by the adaptive notch filer 15 is
supplied to the speaker 10. Meanwhile, when the ATT is “1”,
the control signal y(n) is not attenuated. In this case, the
control signal y(n) generated by the adaptive notch filer 15 is
directly supplied to the speaker 10, as the control signal y'(n).
Thus, the ATT setting unit 19 and the attenuator 20 corre-
spond to an example of “attenuating unit”.

The speaker 10 generates the control sound corresponding
to the control signal y'(n) supplied by the attenuator 20. The
control sound generated by the speaker 10 is transferred to the
microphone 11. A transfer function from the speaker 10 to the
microphone 11 is represented by “p”. The transfer function p
is defined by frequency w,, and depends on the sound field
characteristic and the distance from the speaker 10 to the
microphone 11. The transfer function p from the speaker 10 to
the microphone 11 is preliminary set by a measurement.

The microphone 11 detects the cancellation error between
the vibration noise of the engine and the control sound gen-
erated by the speaker 10, and supplies the w-updating unit 17
with the cancellation error as the error signal e(n). Concretely,
the microphone 11 outputs the error signal e(n) in accordance
with the control signal y' (n), the transfer function p and the
vibration noise d(n) of the engine.

The reference signal generating unit 16 generates the ref-
erence signal from the basic cosine wave x,(n) and the basic
sine wave X,(n) based on the above transfer function p, and
supplies the w-updating unit 17 with the reference signal.
Concretely, the reference signal generating unit 16 uses areal
part ¢, and an imaginary part ¢, of the transfer function p.
Specifically, the reference signal generating unit 16 adds a
value obtained by multiplying the basic cosine wave x,(n) by
the real part c, of the transfer function p, to a value obtained
by multiplying the basic sine wave x,(n) by the imaginary
part ¢, of the transfer function p, and outputs a value obtained
by the addition as the reference signal ry(n). In addition, the
reference signal generating unit 16 delays the reference signal
ro(n) by “m/2”, and outputs the delayed signal as the reference
signal r,(n). Thus, the reference signal generating unit 16
corresponds to “reference signal generating unit”.

The w-updating unit 17 updates the filter coefficient used
by the adaptive notch filter 15 based on the LMS (Least Mean
Square) algorism, and supplies the adaptive notch filter 15
with the updated filter coefficient. Concretely, the w-updating
unit 17 updates the filter coefficient used by the adaptive
notch filter 15 last time so as to minimize the error signal e(n),
based on the error signal e(n) and the reference signals r,(n),
r,(n). The filter coefficient after the update is represented by
“wo(n+1)” and “w, (n+1)”, and the filter coefficient before the
update is represented by “w,(n)” and “w,(n)”. As shown by
expressions (6) and (7), the filter coefficients after the update
wo(n+1) and w,(n+1) are calculated. Thus, the w-updating
unit 17 corresponds to an example of “filter coefficient updat-
ing unit”.

(6

wo(r+1)=wo(n)—pren)ror)

M

In the expressions (6) and (7), “i” is a coefficient called a
step-size parameter for determining a convergence speed. In

wy(m+1)=w, (1)—pe(n)r, (1)
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other words, “l” is a coefficient related to anupdate rate of the
filter coefficient. For example, a preliminarily set value is
used as the step-size parameter L.

ATT Setting Process

Next, a description will be given of an ATT setting process
in the embodiment, with reference to FI1G. 4. FIG. 4 is a flow
chart showing the ATT setting process. The process is repeat-
edly executed by the w-amplitude calculating unit 18 and the
ATT setting unit 19 in a predetermined cycle.

First, in step S101, the w-amplitude calculating unit 18
calculates the w-amplitude based on the filter coefficient w
supplied by the w-updating unit 17. Concretely, as shown by
the expression (4), the w-amplitude calculating unit 18 cal-
culates the square root of the sum of squares of the real part w,
and the imaginary part w, of the filter coefficient w, as the
w-amplitude. Then, the w-amplitude calculating unit 18 sup-
plies the ATT setting unit 19 with the signal corresponding to
the calculated w-amplitude. Afterward, the process goes to
step S102.

Instep S102, the ATT setting unit 19 determines whether or
not the w-amplitude supplied by the w-amplitude calculating
unit 18 is larger than the threshold. The ATT setting unit 19
determines whether or not the abnormality occurs (namely,
the transfer function error occurs), based on the relationship
between the w-amplitude and the threshold. In this case, the
threshold is at least larger than the w-amplitude maximum
value, and the difference between the threshold and the w-am-
plitude maximum value is equal to or smaller than the prede-
termined value. For example, in consideration of the above
standpoint, the threshold is determined by preliminarily per-
forming an experiment and/or a simulation in the vehicle on
which the active vibration noise control device 50 is mounted.
The determined threshold is stored in the storage unit such as
a memory. The ATT setting unit 19 reads out the threshold
stored in the storage unit, and performs the determination in
step S102.

When the w-amplitude is larger than the threshold (step
S102: Yes), the process goes to step S103. In this case, it is
thought that the abnormality occurs (namely, the transfer
function error occurs). Therefore, in steps S103 to S105, the
ATT is set in order to deal with the abnormality.

In step S103, the ATT setting unit 19 performs the process
for making the ATT smaller. Concretely, the ATT setting unit
19 determines the value which is obtained by multiplying the
ATT set last time by the predetermined value being smaller
than “1”, as the ATT which should be used this time. Then, the
process goes to step S104. Here, a preliminarily set value is
used as the predetermined value for making the ATT smaller.
A constant (fixed value) may be used as the predetermined
value, or a variable which is varied in accordance with the
difference between the w-amplitude and the threshold may be
used as the predetermined value, for example.

Instep S104, the ATT setting unit 19 determines whether or
not the ATT calculated in step S103 is smaller than the ATT-
min. When the ATT is smaller than the AT Tmin (step S104:
Yes), the process goes to step S105. In this case, the ATT
setting unit 19 sets the ATT to the AT Tmin in order to prevent
the ATT from being smaller than the ATTmin (step S105).
Then, the process ends. In contrast, when the ATT is equal to
or larger than the ATTmin (step S104: No), the process ends.
In this case, the ATT setting unit 19 sets the ATT calculated in
step S103.

Meanwhile, when the w-amplitude is equal to or smaller
that the threshold (step S102: Yes), the process goes to step
S106. In this case, it is thought that the abnormality does not
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occur (namely, the transfer function error scarcely occurs).
Therefore, in steps S106 to S108, the ATT is set in order to
perform the normal operation, or in order to perform the
recovery operation from the abnormality to the normal.

In step S106, the ATT setting unit 19 performs the process
for making the ATT larger. Concretely, the AT T setting unit 19
determines the value which is obtained by multiplying the
ATT setlast time by the predetermined value being larger than
“17, as the ATT which should be used this time. Then, the
process goes to step S107. Here, a preliminarily set value is
used as the predetermined value for making the ATT larger. A
constant (fixed value) may be used as the predetermined
value, or a variable which is varied in accordance with the
difference between the w-amplitude and the threshold may be
used as the predetermined value, for example.

In step S107, the ATT setting unit determines whether or
not the ATT calculated in step S106 is larger than “1”. When
the ATT is larger than “1” (step S107: Yes), the process goes
to step S108. In this case, the ATT setting unit 18 set the ATT
to “1” (step S108). Then, the process ends. In contrast, when
the ATT is equal to or smaller than “1” (step S107: No), the
process ends. In this case, the ATT setting unit 19 sets the ATT
calculated in step S106.

After the above flow, the attenuator 20 attenuates the con-
trol signal y(n) generated by the adaptive notch filter 15, by
using the above ATT set by the ATT setting unit 19. Then, the
attenuator 20 supplied the speaker 10 with the attenuated
control signal y'(n).

Effect of Embodiment

Next, a description will be given of an effect of the embodi-
ment, with reference to FIGS. 5A and 5B and FIGS. 6A and
6B. Here, the effect of the embodiment is compared with an
effect of the above comparative example.

FIGS. 5A and 5B show result examples of the embodiment
and the comparative example. Here, as for both the embodi-
ment and the comparative example, it is assumed that the
results are obtained when the active vibration noise control
device is mounted on the vehicle, and the speaker is installed
on the right front door, and the microphone is installed over
the driver’s head. Additionally, as for both the embodiment
and the comparative example, it is assumed that the results are
obtained when the vibration noise (engine noise) of 100 [Hz]
is generated for 10 seconds, and the phase error of the transfer
function is set to 180 degrees in first 5 seconds, and the phase
error of the transfer function is set to 0 degree in latter 5
seconds (namely, the transfer function error is removed). In
other words, the abnormality occurs in the first 5 seconds, and
the abnormality doe not occur in the latter 5 seconds. Further-
more, as for the embodiment, it is assumed that the threshold
is set to “0.5”, and that the ATTmin is set to “0.001 (=-60
[dB])”. Meanwhile, as for the comparative example, it is
assumed that the first threshold is set to “0.5”, and that the
second threshold is set to “0.001 (==60[dB])”.

FIG. 5A shows a result example of the comparative
example, and FIG. 5B shows a result example of the embodi-
ment. Concretely, in FIGS. 5A and 5B, a time change of the
control signal, a time change of the w-amplitude and a time
change of the ATT, in descending order. Since the compara-
tive example does not use the ATT, a graph in which the ATT
is fixed to “1” is shown.

As shown in FIG. 5A, according to the comparative
example, during the first 5 seconds in which the transfer
function error occurs, it can be understood that the continuous
ups and downs of the w-amplitude between the first threshold
and the second threshold occur, and that the control signal
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significantly changes. Additionally, according to the com-
parative example, after the phase error of the transfer function
is switched from 180 degrees to 0 degree (namely, after 5
seconds elapse), it can be understood that the w-amplitude
becomes such a value that the w-amplitude can be set during
the normal. Namely, it can be understood that the normal
recovery is performed.

Meanwhile, as shown in FIG. 5B, according to the embodi-
ment, during the first 5 seconds in which the transfer function
error occurs, it can be understood that the continuous ups and
downs of the w-amplitude like the comparative example does
not occur. Concretely, according to the embodiment, it can be
understood that the w-amplitude is maintained at a relatively
large value. Additionally, according to the embodiment, dur-
ing the first 5 seconds in which the transfer function error
occurs, it can be understood that the control signal becomes a
significantly small value. Concretely, it can be understood
that the control sound which is small enough to neglect it
compared to the vibration noise is outputted. This is caused
by the attenuating process in the attenuator 20 by using the
ATT. In addition, according to the embodiment, after the
phase error of the transfer function is switched from 180
degrees to 0 degree (namely, after 5 seconds elapse), it can be
understood that the w-amplitude becomes such a value that
the w-amplitude can be set during the normal (concretely, a
value being smaller than “0.5” of the threshold). Namely, it
can be understood that the normal recovery is performed.

Next, FIGS. 6A and 6B show examples of the error micro-
phone signals by the embodiment and the comparative
example. The error microphone signals are obtained when the
same condition as FIGS. 5A and 5B is set. Namely, FIGS. 6 A
and 6B show the examples of the error microphone signals
which are obtained when the control signal, the w-amplitude
and the ATT as shown in FIGS. 5A and 5B are used.

FIG. 6 A shows an example of the error microphone signal
by the comparative example, and FIG. 6B shows an example
of the error microphone signal by the embodiment. In FIGS.
6A and 6B, upper graphs show time changes of the error
microphone signal (corresponding to the vibration noise
itself) when the control for decreasing the vibration noise is
not performed, and lower graphs show time changes of the
error microphone signal by the comparative example and the
embodiment. Namely, the lower graphs in FIGS. 6 A and 6B
show an example of the error microphone signal in case of
using the active vibration noise control device according to
the comparative example, and an example of the error micro-
phone signal in case of using the active vibration noise control
device 50 according to the embodiment.

As shown by anarea Al in FIG. 6 A drawn by a broken line,
according to the comparative example, during the first 5 sec-
onds in which the transfer function error occurs, it can be
understood that the error microphone signal exceeding the
vibration noise cyclically occurs. Namely, according to the
comparative example, it can be understood that the cyclic
abnormal sound and the increase in the vibration noise occur.
Afterward, according to the comparative example, since the
normal recovery is performed after the phase error of the
transfer function is switched from 180 degrees to 0 degree, it
can be understood that the error microphone signal becomes
smaller.

Meanwhile, as shown by an area A2 in FIG. 6B drawn by a
broken line, according to the embodiment, during the first 5
seconds in which the transfer function error occurs, it can be
understood that, though the error microphone signal exceeds
the vibration noise in only a short time, the error microphone
signal becomes roughly the same as the vibration noise after
that time. Namely, according to the embodiment, it can be
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understood that the cyclic abnormal sound and the increase in
the vibration noise like the comparative example do not occur.
Afterward, according to the embodiment, since the normal
recovery is performed after the phase error of the transfer
function is switched from 180 degrees to 0 degree, it can be
understood that the error microphone signal becomes smaller.

According to the above result, by the embodiment, it can be
understood that the occurrence of the cyclic abnormal sound
and the increase in the vibration noise during the abnormality
can be appropriately suppressed. Additionally, by the
embodiment, it can be understood that the recovery can be
appropriately performed at the time of switching from the
abnormality to the normal.

Comparative Result of Difference in Threshold

Next, a description will be given of a comparative result
regarding the difference in the threshold used for determining
the w-amplitude, with reference to FIGS. 7A to 7C.

FIGS. 7A to 7C show comparative result examples in case
of'variously changing the threshold used in the determination
of'the w-amplitude, by using the active vibration noise control
device 50 in the embodiment.

Here, it is assumed that the results are obtained when the
active vibration noise control device 50 in the embodiment is
mounted on the vehicle, and the speaker is installed on the
right front door, and the microphone is installed over the
driver’s head. Additionally, it is assumed that the results are
obtained when the vibration noise (engine noise) of 100 [Hz]
is generated for 10 seconds, and the phase error of the transfer
function is set to 180 degrees in first 5 seconds, and the phase
error of the transfer function is set to 0 degree in latter 5
seconds (namely, the transfer function error is removed). In
other words, the abnormality occurs in the first 5 seconds, and
the abnormality does not occur in the latter 5 seconds. Fur-
thermore, it is assumed that the AT Tmin is setto “0.001 (=-60
[dB])”. Here, such an example that the maximum value of the
w-amplitude (w-amplitude maximum value) during the nor-
mal is about “0.4” is shown (see broken lines B1 in FIGS. 7A
to 7C).

FIG. 7A shows a result example in case of setting the
threshold to “0.3”, and FIG. 7B shows a result example in
case of setting the threshold to “0.5”, and FIG. 7C shows a
result example in case of setting the threshold to “0.7”. In
FIGS. 7A to 7C, a time change of the w-amplitude, a time
change of the error microphone signal (corresponding to the
vibration noise itself) when the control for decreasing the
vibration noise is not performed and a time change of the error
microphone signal when the active vibration noise control
device 50 in the embodiment is used, in descending order.

As shown in FIG. 7A, when the threshold is set to “0.3”,
after the phase error of the transfer function is switched from
180 degrees to 0 degree, it can be understood that the w-am-
plitude does not become such a value that the w-amplitude
can be set during the normal. Concretely, it can be understood
that the w-amplitude increases to a relatively large value.
Additionally, after the phase error is switched from 180
degrees to 0 degree, it can be understood that the error micro-
phone signal is maintained at a relatively large value, too.
Thus, when the threshold is set to “0.3”, it can be understood
that the recovery operation is not performed. This is because,
since the threshold (0.3) being smaller than the w-amplitude
maximum value (about 0.4) is used, the active vibration noise
control device 50 makes such a wrong determination that the
abnormality occurs during the normal.

Meanwhile, as shown in FIG. 7B, when the threshold is set
to “0.5”, after the phase error of the transfer function is
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switched from 180 degrees to 0 degree, it can be understood
that the w-amplitude becomes such a value that the w-ampli-
tude can be set during the normal. Additionally, after the
phase error is switched from 180 degrees to 0 degree, it can be
understood that the error microphone signal becomes smaller.
Thus, when the threshold is set to “0.5”, it can be understood
that the normal recovery is performed. This is because the
threshold (0.5) being larger than the w-amplitude maximum
value (about 0.4) is used. As shown by an area B2 drawn by a
broken line, when the threshold is set to “0.5”, it can be
understood that the error microphone signal slightly increases
at the time of performing the normal recovery.

As shown in FIG. 7C, when the threshold is set to “0.77,
similar to the case of setting the threshold to “0.5”, it can be
understood that the normal recovery is performed after the
phase error of the transfer function is switched from 180
degrees to 0 degree. This is because the threshold (0.7) being
larger than the w-amplitude maximum value (about 0.4) is
used. As shown by an area B3 drawn by a broken line, it can
be understood that the error microphone signal slightly
increases at the time of performing the normal recovery. In
details, when the threshold is set to “0.7”, amount of the
increase in the error microphone signal at the time of per-
forming the recovery is larger than when the threshold is set to
“0.5”.

According to the above result, it is preferable to set the
threshold to a value being at least larger than the w-amplitude
maximum value in order to appropriately determine the nor-
mal and the abnormality (concretely, in order to prevent such
awrong determination that the abnormality occurs during the
normal). Additionally, it is preferable to set the threshold to a
value which is as close to the w-amplitude maximum value as
possible, in order to appropriately suppress the increase in the
error microphone signal at the time of performing the recov-
ery. For example, by an experiment and/or a simulation, an
acceptable difference between the threshold and the w-am-
plitude maximum value is preliminarily calculated based on
the amount of the increase in the error microphone signal at
the time of performing the recovery, and the said difference is
set to the predetermined value, and such a value that the
difference from the w-amplitude maximum value is equal to
or smaller than the said predetermined value can be deter-
mined as the threshold.

Comparative Result of Difference in AT Tmin

Next, a description will be given of a comparative result
regarding the difference in the ATTmin used for setting the
ATT, with reference to FIGS. 8A to 8C.

FIGS. 8A to 8C show comparative result examples in case
of variously changing the AT Tmin, by using the active vibra-
tion noise control device 50 in the embodiment.

Here, it is assumed that the results are obtained when the
active vibration noise control device 50 in the embodiment is
mounted on the vehicle, and the speaker is installed on the
right front door, and the microphone is installed over the
driver’s head. Additionally, it is assumed that the results are
obtained when the vibration noise (engine noise) of 100 [Hz]
is generated for 10 seconds, and the phase error of the transfer
function is set to 180 degrees in first 5 seconds, and the phase
error of the transfer function is set to 0 degree in latter 5
seconds (namely, the transfer function error is removed). In
other words, the abnormality occurs in the first 5 seconds, and
the abnormality does not occur in the latter 5 seconds. Fur-
thermore, it is assumed that the threshold is set to “0.5”.

FIG. 8A shows a result example in case of setting the
AT Tmin to “~140 [dB]”, and FIG. 8B shows a result example
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in case of setting the ATTmin to “~150 [dB]”, and FIG. 8C
shows a result example in case of setting the AT Tmin to “~o0
[dB]”. In FIGS. 8A to 8C, a time change of the w-amplitude,
a time change of the error microphone signal (corresponding
to the vibration noise itself) when the control for decreasing
the vibration noise is not performed, and a time change of the
error microphone signal when the active vibration noise con-
trol device 50 in the embodiment is used, in descending order.

As shown in FIG. 8A, when the ATTmin is set to “-~140
[dB]”, after the phase error of the transfer function is switched
from 180 degrees to 0 degree, it can be understood that the
w-amplitude becomes such a value that the w-amplitude can
be set during the normal. Additionally, after the phase error is
switched from 180 degrees to 0 degree, it can be understood
that the error microphone signal becomes smaller. Thus,
when the AT Tmin is set to “~140 [dB]”, it can be understood
that the normal recovery is performed.

Meanwhile, as shown in FIGS. 8B and 8C, when the ATT-
min is set to “~150 [dB]” and “~oo [dB]”, after the phase error
of the transfer function is switched from 180 degrees to 0
degree, it can be understood that the w-amplitude does not
become such a value that the w-amplitude can be set during
the normal. Concretely, it can be understood that the w-am-
plitude increases to a relatively large value. Additionally, after
the phase error is switched from 180 degrees to 0 degree, it
can be understood that the error microphone signal is main-
tained at a relatively large value, too. Thus, when the AT Tmin
is setto “~150 [dB]” and “~c0 [dB]”, it can be understood that
the recovery operation is not performed. This is because,
since the volume of the control sound is too small, the clue to
distinguishing the normal from the abnormality is not pro-
vided.

According to the above result, it can be said that “-~140
[dB]” is a lower limit of the ATTmin for performing the
recovery operation. However, “-140 [dB]” is only one
example. It can be said that the lower limit of the AT Tmin for
performing the recovery operation is changed due to a con-
dition in which the active vibration noise control device 50 is
used and/or various parameters used in the active vibration
noise control device 50. Therefore, it is preferable to deter-
mine the AT Tmin by preliminarily performing an experiment
and/or a simulation in the vehicle on which the active vibra-
tion noise control device 50 is mounted.

Modification

The present invention is not limited to the above-described
embodiment, and various changes may be made within the
essence of the invention.

The above embodiment shows such an example that the
square root of the sum of squares of the filter coefficients w,
and w, is used as the w-amplitude (see the expression (4)). As
another example, the sum of squares of the filter coefficients
W, and w,; may be used as the w-amplitude.

As another example, the threshold for determining the
w-amplitude can be changed in accordance with the vibration
noise frequency. This is because the maximum value of the
w-amplitude (w-amplitude maximum value) during the nor-
mal tends to change due to the frequency band of the vibration
noise. For example, a table which is associated with the
threshold for each frequency band of the vibration noise can
be preliminarily prepared, and the threshold can be changed
in accordance with the frequency band by using the said table.

It is not limited that the present invention is applied to the
active vibration noise control device 50 having only one
speaker 10. The present invention can be applied to the active
vibration noise control device having plural speakers. In this
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case, for each of the plural speakers, the control signal gen-
erated by the adaptive notch filter can be attenuated by the
same method as the above embodiment, when the w-ampli-
tude becomes larger than the threshold. Namely, as for such a
speaker that the transfer function error occurs, the process for
making the control sound smaller can be performed.

It is not limited that the present invention is applied to the
active vibration noise control device 50 having only one
microphone 11. The present invention can be applied to the
active vibration noise control device having plural micro-
phones.

It is not limited that the present invention is applied to the
vehicle. Other than the vehicle, the present invention can be
applied to various kinds of transportation such as a ship or a
helicopter or an airplane.

INDUSTRIAL APPLICABILITY

This invention is applied to closed spaces such as an inte-
rior of transportation having a vibration noise source (for
example, engine), and can be used for actively controlling a
vibration noise.

DESCRIPTION OF REFERENCE NUMBERS

10 Speaker

11 Microphone

13 Frequency Detecting Unit

14a Cosine Wave Generating Unit
145 Sine Wave Generating Unit

15 Adaptive Notch Filter

16 Reference Signal Generating Unit
17 w-Updating Unit

18 w-amplitude Calculating Unit

19 ATT Setting Unit

20 Attenuator

50 Active Vibration Noise Control Device

The invention claimed is:

1. An active vibration noise control device for canceling a
vibration noise by making a speaker output a control sound,
comprising:

a basic signal generating unit which generates a basic sig-
nal based on a vibration noise frequency generated by a
vibration noise source;

an adaptive notch filter which generates a control signal
provided to the speaker by applying a filter coefficient to
the basic signal, in order to make the speaker generate
the control sound so that the vibration noise generated
by the vibration noise source is canceled;

a microphone which detects a cancellation error between
the vibration noise and the control sound, and outputs an
error signal;

a reference signal generating unit which generates a refer-
ence signal from the basic signal based on a transfer
function from the speaker to the microphone;

a filter coefficient updating unit which updates the filter
coefficient used by the adaptive notch filter based on the
error signal and the reference signal so as to minimize
the error signal;

an amplitude calculating unit which calculates an ampli-
tude of the filter coefficient updated by the filter coeffi-
cient updating unit; and

an attenuating unit which attenuates the control signal gen-
erated by the adaptive notch filter, and provides the
attenuated control signal to the speaker, when the ampli-
tude calculated by the amplitude calculating unit is
larger than a threshold.
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2. The active vibration noise control device according to
claim 1,

wherein the attenuating unit sets a limit of an attenuating

degree of the control signal, and attenuates the control
signal in a range corresponding to the limit.
3. The active vibration noise control device according to
claim 2,
wherein the attenuating unit includes a attenuation ratio
setting unit which sets an attenuation ratio indicating a
ratio of the attenuated control signal to the control signal
generated by the adaptive notch filter, and the attenuat-
ing unit attenuates the control signal based on the attenu-
ation ratio set by the attenuation ratio setting unit,

wherein the attenuation ratio setting unit decreases the
attenuation ratio when the amplitude is larger than the
threshold, and

wherein the attenuation ratio setting unit uses a lower limit

of' the attenuation ratio corresponding to the limit of the
attenuating degree of the control signal, and sets the
attenuation ratio to the lower limit when the attenuation
ratio becomes smaller than the lower limit.

4. The active vibration noise control device according to
claim 3,

wherein the attenuation ratio setting unit increases the

attenuation ratio when the amplitude becomes equal to
or smaller than the threshold, and sets the attenuation
ratio to “1” when the attenuation ratio becomes larger
than “1”.

5. The active vibration noise control device according to
claim 1,

wherein the threshold is set based on a maximum value of

the amplitude which is obtained in such a situation that
an error between the transfer function used by the refer-
ence signal generating unit and an actual transfer func-
tion from the speaker to the microphone does not occur.

6. The active vibration noise control device according to
claim 5,

wherein the threshold is at least larger than the maximum

value, and a difference between the threshold and the
maximum value is equal to or smaller than a predeter-
mined value.

7. The active vibration noise control device according to
claim 1, further including a unit which changes the threshold
in accordance with the vibration noise frequency.

8. The active vibration noise control device according to
claim 2,
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wherein the threshold is set based on a maximum value of
the amplitude which is obtained in such a situation that
an error between the transfer function used by the refer-
ence signal generating unit and an actual transfer func-
tion from the speaker to the microphone does not occur.

9. The active vibration noise control device according to
claim 3,

wherein the threshold is set based on a maximum value of

the amplitude which is obtained in such a situation that
an error between the transfer function used by the refer-
ence signal generating unit and an actual transfer func-
tion from the speaker to the microphone does not occur.

10. The active vibration noise control device according to
claim 4,

wherein the threshold is set based on a maximum value of

the amplitude which is obtained in such a situation that
an error between the transfer function used by the refer-
ence signal generating unit and an actual transfer func-
tion from the speaker to the microphone does not occur.

11. The active vibration noise control device according to
claim 2, further including a unit which changes the threshold
in accordance with the vibration noise frequency.

12. The active vibration noise control device according to
claim 3, further including a unit which changes the threshold
in accordance with the vibration noise frequency.

13. The active vibration noise control device according to
claim 4, further including a unit which changes the threshold
in accordance with the vibration noise frequency.

14. The active vibration noise control device according to
claim 5, further including a unit which changes the threshold
in accordance with the vibration noise frequency.

15. The active vibration noise control device according to
claim 6, further including a unit which changes the threshold
in accordance with the vibration noise frequency.

16. The active vibration noise control device according to
claim 8, further including a unit which changes the threshold
in accordance with the vibration noise frequency.

17. The active vibration noise control device according to
claim 9, further including a unit which changes the threshold
in accordance with the vibration noise frequency.

18. The active vibration noise control device according to
claim 10, further including a unit which changes the threshold
in accordance with the vibration noise frequency.

#* #* #* #* #*



